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RESEARCH l4EiMomuM 

for the 

Bureau of Aeronautics, Department of the Navy 

FREE-SPINNING TUNNEL INVESTIGATION OF A 

+XAIXM(sDEL OFTHEMCDONNELL 

F2H-3 AIRPLANE 

By Jack H. Wilson 

An investigation has been conducted in the Langley X)-foot free- 
1 spinning,tunnel on a 2. -scale model of the McDonnell F2H-3 airplane. 

The effects of control settings and movement upon the erect spin and 
recovery characteristics of the model were determined for the take-off 
condition and for the condition tith full wing-tip fuel tanks installed. 
Brief tests were also conducted to determlne the effect of deflecting 
the speed brakes and to determine the effect of moving the center of 
gravity forward of normal. The investigation also included inverted 
spin tests and tests to determine the parachute size required for emer- 
gency spin recovery. 

For the take-off or combat loadings either an extremely steep spin 
was obtained from which recoveries were rapid or an oscillatory motion 
was obtained with the oscillation becoming 80 violent that the model 
would oscillate out of the spin. Extending the speed brakes or moving 
the center of gravity 5 percent forward of normal had little effect on 
the spin or spin-recovery characteristics. When the full wing-tip fuel 
tanks were installed, steep spins were obtained and recoveries by full 
reversal of the rudder and movement of the elevator down were 
satisfactory.~" ., ,, ~ -, ,. j.. _._ , -,. ..I . . 

Recoveries from inverted spins by reversal of the rudder were 
rapid. 

Either a 16.7-foot tail or a lo-foot wing-tip spin-recovery para- 
chute (drag coefficients 0.63 and 0.72, respectively) was indicated to 
be an effective emergency spin-recovery device for demonstration spins. 
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In accordance with a request by the Bureau of Aeronautics, Navy 
Department, tests were performed in the Langley 20-foot free-spinning 
tunnel to determine the spin and recovery characteristics of a h-scale 
model of the kkDonnel1 F2E-3 airplane. The F2H-3 is an .unawept-wing, 
duel-jet, single-place, low-wing fighter. 

The erect and inverted spin and recovery characteristics of the 
model were determined for the clean condition. The effects of speed 
brakes and of moving the center of gravity forwad of normal were also 
determined. Fully loaded wing-tip tanks were investigated on the model 
and tests to determine the required size of emergency spin-recovery 
tail and wing-tip parachutes were also performed. Two simulated spin- 
test altitudes were investigated. 

b 
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x/c 

Z/T 

SYMBOLS 

wing span, feet 

wing area, square feet 

mean aerodynamic chord, feet 

ratio of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord to mean aerodynamic chord 

ratio of distance between center of gravity and fuselage 
reference line to mean aerodynamic chord (positive when 
center of gravity is below fuseiage reference line) 

m mass of airplane, slugs 

Ix, Iy9 Iz moments of inertia about X, Y, and Z body axes.respec- 
tively, slug-feet2 

%- -- . . m.,.2x ‘Lsc.. ._ ., . .._ ~-,. -~ inertia yawing-moment parameter - 
mb 2 

i$ 
:.'ir ,$ 

i 7' 
IY - Iz 

2 inertia rolling-moment parameter 

I)-'" 
mb 
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inertia pitching-mome*nt parameter 

air density, slugs per cubic foot 

relative density of airplane (m/pSb) 

angle between fuselage reference line and vertical (approx. 
equal to absolute value of angle of attack at plane of 
symmetry), degrees 

angle between span axis and horizontal, degrees 

full-scale true rate of descent, feet per second 

full-scale angular velocity about spin axis, revolutions 
per second 

APPARATUSANDMETEODS 

The &-scale model of the McDonnell F2H-3 airplane was furnished 
by the Bureau of Aeronautics, Navy Department, and was checked for 
dimensional accuracy and prepared for testing by the Langley Aeronautical 
Laboratory. A three-view drawing of the model with wing-tip tanks 
installed is shown in figure 1. Photographs of the model in the clean 
condition are shown in figure 2. Figure 3 is a photograph of the model 
with speed brakes installed. The dimensional characteristics of the 
airplane are given in table I. 

For the greater portion of the tests, the model was ballasted with 
lead weights to obtain dynamic similarity to the airplane at an alti- 
tude of 15,000 feet (p = 0.0014g6 alug/cu ft). Brief tests were also 
conducted with the model ballasted to simulate the airplane at a test 
altitude of 25,000 feet (p = 0.001063 slug/cu f't). A remote-control 
mechanism was installed in the model to actuate the controls or open 
the parachute for recovery tests. Sufficient moments were exerted on 
the control surfaces during recovery tests to reverse the controls 
fully and. rapidly., 1 : . . _ ,, ~. _ ,, _ ; _ “” ., _ . _ . - ,& .’ -.,-,- 

WIND TUNNELAND TJ3STING TEGHI?IQuE 
" 

The model tests were performed in the Langley 20-foot free-spinning 
tunnel, the operation of which is generally similar to that described in 
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reference i for the Langley 15-foot free-spinning tunnel, except that 
the model-launching technique has been changed. With the controls set 
in the desired,position, the model is launched by hand with rotation 
into the vertically rising air stream. After a number of turns in the 
established spin, recovery is attempted by moving one or more of the 
controls by means of a ,remote-control mechanism. After recovery, the 
model dives into a safety net. 

The data presented were determined by methods described in refer- 
ence 1 and have been converted to corresponding full-scale values. The 
turns for recovery are measured from the time the controls are moved, 
or the parachute is opened, to the time the spin rotation ceases. 
Recovery in two turns or less has been adopted as the criterion for a 
satisfactory spin recovery for the model. For the spins which had a 
rate of descent in excess of that which can readily be attained in the 
tunnel, the rate of descent was recorded as greater than the velocity 
at the time the model hit the safety net, as ~330. For these tests, 
the recovery was attempted before the model reached its final steeper 
attitude and while the model was still descending in the tunnel, and 
such results are considered conservative. For recovery attempts in 
which the model struck the net while it was still in a spin, the 
recovery was recorded as greater than the number of turns from the time 
the controls were moved to the time the model struck the net, as >2. 

Spin-tunnel tests are made to determine the spin and recovery 
characteristics of the model for the normal-spinning control configu- 
ration (elevator full up, ailerons neutral, and rudder full with the 
spin) and at various other aileron-elevator control combinations 
including zero and maximum deflections. Recovery is generally attempted 
either by rapid full rudder reversal alone or by simultaneous rapid full 
rudder and elevator reversal. Tests are also performed to evaluate the 
possible adverse effects on recovery of small control deviations from 
the normal control configuration for spinning. For these tests, the 
ailerons are set at one-third of the full deflection in the direction 
of the slower recoveries and the elevator is set at full up or at'two- 
thirds of its full-up deflection, whichever wilI cause slower recoveries. 

'Recovery is attempted either by rapid rudder reversal alone from full 
with the spin to two-thirds against the spin or by simultaneous rapid 
rudder reversal from full with the spin to two-thirds against the spin 
and movement of the elevator down. This control configuration and move- 
men-t-isreferred to as the --"criterion.spin";.' Recovery characteristics 
of the model are considered.satisfactory if recovery from this criterion 
spin requires ZJ= turns or less. 4 This value has been selected on the 
basis of full-scale airplane spin-recovery data that are available for 
comparison with corresponding model test results. 

For the spin-recovery parachute tests, the minimum size parachute 
required to effect recovery within & turns after the packed parachute 4 

IID ._...__.. _.~- .--__. _. . .._. . . 
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was opened was selected as the parachute required for satisfactory 
termination of the spin. The towline length used on the spin-recovery 
tail parachutes was selected on the basis of the data presented in 
reference 2. For the tail parachute tests, the parachute pack and tow- 
line were attached to the model at the rear of the fuselage below the 
horizontal tail on the inboard side of the fuselage (right side of the 
fuselage in a right spin). Wing-tip parachutes were attached to the 
outer wing tip (left wing tip in a right spin). When the parachute was 
attached to the wing tip, the towline length was so adjusted that the 
parachute could not be fouled by the horizontal tail. Tests were also 
made with a very short towline for the wing-tip parachute. It is recom- 
mended that, for full-scale wing-parachute installation, the parachute 
be packed within the airplane structure if possible; all parachutes 
should be provided with a positive means of ejection. For the tests, 
the controls were not moved during recovery so that recovery was due 
entirely to the effect of opening the parachute. Flat-type silk para- 
chutes which had a drag coefficient of approximately 0.72 for the wing- 
tip parachutes and 0.63 for the tail parachutes (based upon the canopy 
area measured with the parachute spread out flat on a flat surface) were 
used for the spin-recovery parachute tests. 

PRJXISION 

The model test results presented are believed to be the true values 
given by the model within the following limits: 

a,degrees 
@,degrees 

........................................................ +1 
fl 

V,percent 
n,percent ........................................................ 

95 
12 

Turn for recovery: 
Motion-picture records . . . . . . . . . . . . . . . . . . . . . $= 

4 
Visual estimate . . . . . . . . . . . . . . . . . . I. . . . . . 23 

The preceding limits may have been exceeded for a large portion of 
the spins in which it was difficult to control the model in the tunnel 
because of the high rate of descent or because of the wandering or oscil- 
latory nature of the spin. 

cates 
Comparison between model and full-scale results (reference 3) indi- 

that model tests satisfactorily predicted full-scale recovery 
characteristics approximately 90 percent of the time and for the 
ramining 10 percent of the time the model results were of value in 
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predicting some of the details of the full-scale spins and the relative 
effectiveness .of the controls on the recovery characteristics. The air- 
plane generally spun at an angle of attack closer to 45' than did the 
model and had a greater altitude loss per revolution than did the model. 
The comparison presented in reference 3 also indicated that generally 
the model's inner wing was tilted less downward and that the corre- 
sponding 'airplane spun at a greater or lower rate of rotation, depending 
on whether the tail-damping ratio was greater or less than 0.02, than 
the model. 

Because it is impracticable to ballast the model exactly, and 
because of.inadvertent damage to the model during tests, the measured 
weight and mass distribution of the model varied from the true scaled- 
down values within the following limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . 1 low to 1 high 

Longitudinal center-of-gravity location, 
percentz................. 1 rearward to 2 forward 

Moments--of inertia: 
IX> P  ercent .................... 5 low to 6 high 
IY, percent .................... 7 low to 4 high 
Iz, percent .................... 5 low to 4 high 

The accuracy of measuring the weight and IUXSS distribution of the 
model is believed to be within the following limits: 

Weight, percent ......................... fl 
Center-of-gravity location, percent E  .............. fl 
Moments of inertia, percent ................... 25 

The controls were set with an accuracy of &lo. 

TEST CONDITIONS 

Tests were made to determine the erect spin and recovery charac- 
teristics of the model in the clean condition for normal and forward 
center-of-gravity positions. The effect of the installation of speed 
brakes and of full external wing-tip fuel tanks was also determined. 
The inverted spin and recovery characteristics were obtained for the 
clean condition and normal center-of-gravity position. 

The mass characteristics and inertia parameters for loadings possi- 
ble on the airplane and for the loadings tested on the model are shown 
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in table II. The model was ballasted according to the original mass 
information reveived from McDonnell, Subsequent to the ballasting of 
the model, revised mass data were received for the F2H-3 airplane but, 
inasmuch as the mass and mass distribution were not appreciably changed 
from the original data received, the model was not reballasted. The 
results of the investigation presented herein are considered applicable 
for either"the original or revised mass data given in table II. 

The mass parameters for the loading conditions given in table II 
are plotted in figures 4 and 5. For unswept-wing airplanes, figure 4 
can be used to determine whether the spins will be fairly steady or 
extremely oscillatory in roll and yaw (as associated with long-nose 
lengths and extreme loadings along the fuselage), reference 4. As dis- 
cussed in reference 5, figure 5 can be used in predicting the relative 
effectiveness of the controls except when extreme rolling and yawing 
oscillations are obtained. 

The tail-damping power factor of the FZB-3 was calculated by the 
method described in reference 6. The maximum control deflections used 
in the tests were: 

Rudder, degrees . . . . . . . . . . . . . . . . . . 20 right, 20 left 
Elevator, degrees . . . . . . . . . . . . . . . . . . 15 up, 15 down 
Ailerons, degrees . . . . . . . . . . . . . . . . . . 20 up, 20 down 

RESULTS AND DISCUSSION 

The results of the spin tests of the model are presented in charts 1 
to 3 and in-table III. Unless otherwise indicated, the model data are 
presented in terms of the'full-scale values for the airplane at a test 
altitude of 15,000 feet. Preliminary tests of the model showed that 
recoveries from left and right spins were similar, and results are arbi- 
trarily presented in terms of right spins. 

Erect Spins 

Take-off and combat loadings.. The test results obtained with the 
F2H-3 model in the clean condition for the loading condition designated 
as the take-off loading (loading point 1 in table II and figs. 4 and 5) 
are presented in chart 1. Although no specific tests were conducted 
with the model balasted to simulate the combat loading (loading point 2 
in table II and figs. 4 and 5), an examination of the mass and inertia 
data indicates that similar results should be obtained for the take-off 
or combat loadings or for any intermediate condition. 
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As shown in chart 1, with the ailerons set at neutral, two condi- 
tions were indicated as being possible: either the model would not spin 
or a steep spin was obtained. 

For the steep spin, recoveries by rudder reversal were indicated 
to be rapid. For the "no spin" condition, the model oscillated in roll 
and yaw through a wide range of angles after the initial launching rota- 
tion was expended; during these oscillations reversal of the rudder 
during any phase of the oscillations quickly terminated this motion. If 
the rudder was not reversed during this oscillatory motion, the model 
eventually went into a left roll or into a glide with lift wing low 
(rudder maintained full right in a right spin). It is believed that, 
on the corresponding airplane, similar oscillations may be obtained 
during the incipient phase of the spin. Based on the model results, it 
appears that recovery of the corresponding airplane from any spin or 
oscillatory motion obtained should be satisfactory by normal-recovery 
technique (full reversal of the rudder followed l/2 turn later by move- 
ment of the elevator down). Any rolling motion obtained on the airplane 
should be readily terminated by movement of ailerons to oppose this 
motion. With the ailerons set against the spin, the model would not 
spin but would go into a left roll after undergoing a series of extreme 
rolling and yawing oscillations. Setting the ailerons partially or 
fully with the spin resulted in steep spins when the elevator was or 
near full up, the model oscillating somewhat in roll and yaw and tending 
to whip or to glide out of the spin at times. With the elevator at neu- 
tral or down and the ailerons with the spin the model descended at a 
very steep attitude and may have been in an aileron roll. For all 
aileron-with spins, recovery by rudder reversal alone was rapid, the 
model either gliding out of the spin after rudder reversal or going into 
a steep inverted spin. ,In order to avoid entering an inverted spin, the 
stick and rudder pedals should be neutralized after the airplane has 
assumed a near-vertical attitude. 

Brief tests made for the take-off loading with the speed brakes 
installed indicated that the nature of the spin and the spin-recovery 
characteristics were not affected by the speed brakes. The results of 
these tests are riot presented in chart form. 

Results of brief tests conducted with the center of gravity moved 
forward approximately 5 percent of norm1 for the take-off loading con- 

x .- - - _ 

.-‘ditioriindicated.that the spin and spin-recovery characteristics were 
essentially the same as those obtained with the center of gravity at its ', 

,_ normal location (results not presented in chart form). 
i .' 

Wing-tip tanks on and full.- The results of spin tests of the model 
with wing-tip tanks on and full (loading point 4 in table II and figs. 4 
and 5) are presented in chart 2. The model spins for all control con- 
figurations were very steep with the rate of descent of the model 
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exceeding the vertical velocity of the tunnel. As was anticipated for 
this loading condition of the model (reference 5),, placing the ailerons 
against the spin and the elevator down had a favorable effect on 
recovery, whereas placing the ailerons with the spin retarded recov- 
eries. The results of the model tests indicated that the recovery char- 
acteristics of the F2H-3 airplane for this loading condition will be 
satisfactory provided both rudder and elevator are reversed for recovery, 
regardless of the position of the ailerons. 

Although not specifically investigated, it is not anticipated that 
any difficulty will be encountered in recovering from spins with wing- 
tip fuel partially or fully expended. If, however, a spin is entered 
with the wing-tip fuel tanks installed and recovery does not appear 
imminent after the normal manipulation of the controls (reversal of the 
rudder followed approximately l/2 turn later by reversal of the ele- 
vator), it is recommended that the wing-tip fuel tanks be jettisoned 
and another recovery a-&em@ be made. As indicated in reference 7, the 
jettisoned tanks should fall clear of the airplane. 

Test altitude increased to 25,000 feet.- In order to determine if 
an increase in test altitude would have an adverse effect on the model's 
spin-recovery characteristics, the simulated test altitude of the model 
was raised from 15,000 to 25,000 feet. The results of these tests indi- 
cate that, for the take-off or combat loadings (loadings 1 and 2 in 
table II and figs. 4 and 5), the behavfor of the airplane in spins should 
be essentially the same at 15,000 or 25,000 feet. No tests were con- 
ducted with the model ballasted to simulate the loading with wing-tanks 
installed at an altitude of 25,000 feet. As has been stated previously, 
if recovery does not appear imminent after normal use of the controls, 
it is recommended that the tanks be jettisoned and that recovery be 
reattempted. 

. 
Landing condition.- The landing condition was not investigated on 

this model inasmuch as current Navy specifications do not require air- 
planes to be spin-demonstrated in the landing condition. Analysis of 
full-scale and model tests on numerous designs to determine the effect 
of flaps and landing gear (reference 8) indicates that, although the 
FZB-3 airplane will probably recover satisfactorily -from an incipient 
spin (1 turn or less), recoveries from fully developed spins in the 
landing configuration may be unsatisfactory. In order to avoid entering 

-:a' fully developed sp2n;'it.i~ recommended that the flaps be neutralized 
and that recovery be attempted immediately upon inadvertently entering 
a spin in the landing condition. 

Inverted spins.- The results of the inverted spin tests of the 
: model in the take-off loading are presented in chart 3. The order used 

for presenting the data for inverted spins is different from that used 
for erect spins. For inverted spins "controls crossed" for the 
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established spin .(right rudder pedal forward and stick to pilot's left 
for a spin to the pilot's right) is presented to the right of the chart 
and stick back is presented at the bottom. When the controls are 
crossed in the established inverted spin, the ailerons aid the rolling 
motion; when the controls are together, the ailerons oppose the rolling 
motion. 

The inverted spins were very steep, the rate of descent of the 
model exceeding the vertical veloci-ly of the tunnel. Recoveries by 
rudder reversal from all control configurations were rapid. 

Control forces.- The discussion of recovery characteristics so far 
has been based on control effectiveness alone without regard to the 
forces required to move the controls. As previously mentioned, for all 
tests sufficient force was applied to the controls to move them fully 
and rapidly. Sufficient force must be applied to the airplane controls 
to move them in a similar manner in order for the model and airplane 
results to be comparable. 

Calculations were made, based on the information presented in 
references 9 and 10, to determine the forces required to fully reverse 
the controls during spins. These calculations indicate that the rudder- 
pedal forces will probably be within the capabilities of the pilot, but 
that the force required to fully reverse the elevator might be excessive, 
indicating that some type of booster may be required to insure full 
reversal of the elevator. 

Spin-recovery parachutes.- Spin-recovery parachutes were investi- 
gated on the model to determine the size parachute required for emer- 
gency recovery during demonstration spins. It was found that very large 
tail parachutes (of the order of 20 feet) were not capable of term%- 
nating the model's motion. Inasmuch as the model spins were very steep 
and the radius of the spin was observed to be small for the loading con- 
ditions investigated whet spin-recovery tail parachutes were opened, it 
was noted that the parachute trailed nearly along the model's X-axis. 
It thus appears that the parachute contributed very little aerodynamic 
yawing moment opposing the model's rotation. If the airplane spins are 
generally similar to those indicated by the model results, it is 
believed that recovery should be readily obtainable without the aid of 
a parachute provided that the controls can be reversed. If, because of 
possible scale effects, the airplane spins somewhat flatter than the 
model, ah emergency spin-recovery device may be required, however. 
After numerous attempts to obtain a flat spin on the model, it was 
found that placing a large fin at the rear of the fuselage off-set to 
give a pro-spin yawing moment and setting the controls beyond their 
maximum deflections led to a flat spin, angle of attack approxi- 
mately 63O. Both outboard-wing-tip and tail parachute installations 
were investigated from this flat-spinning condition and the results of 
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these tests are presented in table III. Although these results are 
conservative, it is felt that the size parachutes,determined from these 
tests should be effective as emergency spin recovery devices on the 
F2H-3 airplane. 

The results of the model tests show that a tail parachute 16.7 feet 
in diameter, full-scale (measured laid out flat), will enable satis- 
factory recovery from the flat spin by parachute actfon alone. For the 
tail parachute tests a towline length of approximately 21 feet, full- 
scale, was used. Satisfactory recoveries were aiso indicated to be 
obtainable by opening a lo-foot diameter, full-scale (measured laid out 
flat), parachute attached to the outboard wing tip with towline lengths 
of approximately 7 feet or under. 

The model parachutes as tested had values of drag coefficients of 
approximately 0.63 for the tail parachutes and approximately 0.72 for 
the wing-tip parachutes. If a parachute with a different drag coef- 
ficient is used on the acrplane, a corresponding adjustment will be 
required in parachute size. 

CONCLUSIONS 

Based upon the results of spin tests of a &-scale model of the 
McDonnell F2H-,3 airplane, the following conclusions and recommendations 
regarding the spin and recovery characteristics of the airplane are 
made for a spin-test altitude up to 25,000 feet: 

. 
1. In the take-off or the combat loading of the airplane, either 

an extremely steep spin may be obtained from which recoveries will be 
rapid by normal use of the controls (full reversal of the rudder fol- 
lowed l/2 turn later by movement of the elevator down) or the airplane 
may not spin. During an incipient phase of the spinning motion, extreme 
oscillations may be obtained, the oscillatfons becoming so violent that 
the airplane may roll or yaw out of the spin. If the rudder and ele- 
vator are moved for recovery during the oscillations, the motion will 
be terminated rapidly. 

2. With full external wing-tip tanks installed the spins will be 
steep and recoveries will be satisfactory by normal use of the controls. 
If recovery does not appear imminent, however, after normal manipulation 
of the coutrols, it is recommended that the tanks be jettisoned and 
another attempt at recovery be made. 

3. Satisfactory recoveries will be obtained from inverted spins by 
rapid full rudder reversal. 

$ 
1; 
‘i 

! 
p1 ,,.4 



I 
. . 

: .: 
. ‘t 

.:.A 
l 

*e.** 
: l * 

. l 
.., - 

:*.-. 

: .* 

. 00 
: 2. l 

. 
0-0 0 

2’.“. 
. . l : 

i? 
4. / ;, 
$. 

i, * ‘7 
I.5 
f i ‘J 
Ri f’: 
b 

,I, .b 

. 

12 CI NACA I34 SL51G17 

4. Moving the center of gravity forward of normal approximately 
5 percent of the mean aerodynamic chord or extending the speed brakes 
will.have little effect on the spin and recovery characteristics of the 
airplane. 

5. For emergency recovery from demonstration spins, the use of a 
16.7-foot-diameter (full-scale) flat-type tail parachute having a drag 
coefficient of approximately 0.63 with a towline length of approxi- 
mately 21 feet or a lo-foot-diameter (full-scale) flat-type wing-tip 
parachute having a drag coefficient .of approximately 0.72 tith a tow- 
line length up to approximately 7 feet will terminate effectively any 
unexpected flat spin that might, be obtained. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 

Aeronautical Research Scientist 

Approved: A25G-k&ur 
Thomas A. Harris 

Chief of Stability Research Division 
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. TABLE I,- DIMENSIONAL CHARACTERISTICS OF THE 

- --~ NACA RM SL51G17 

MCDONNELL F2H-3 AIRPLANE' 

Over-all length, ft . . . . . . . . . . . . . . . . . . . . . . 48.04 

W ing: 
Span,ft .......................... 41.7 
Area,sqft........'................. 294.0‘ 
Section, wing-fold ................. NACA 65, -212 
Incidence, deg ....................... 
Aspect ratio ........................ 
Dihedral, deg ........... : ............ 
Mean Aerodynamic Chord, in. ................ 
Leading edge of 3 aft of leading of root chord, in. ... 

A -0.5 

;:: 
88.4 

0 

Ailerons: 
Mean chord rearward hinge line, ft ............. 
Span, percent b/2 ...................... 

1.24 
32.8 

Horizontal tail surfaces: 
Totalarea, sq ft ...................... 
span,ft ... . ...................... 
Elevator area, aft hinge line, sq ft . ; .......... 
Distance from 0.256: to elevator hinge line, ft ....... 
Dihedral, deg ........................ 

70.1 
17.8 
18.7 
24.0 
lo- 0 

Vertical tail surfaces: 
Total area, sq ft ...................... 
Rudder area aft hinge line, sq ft .............. 
Distance from 0.256~ to rudder hinge line, ft ........ 

39*9 
9.6 

22.2 

Tail-damping power factor . . . . . . . . . . . . . . . . . . 0.000145 

Tail-damping ratio ...................... o. oog6 

Side-area moment factor .................... 0.6 

L 
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TABLE II.- HASS CHARACTEqISTICS AND INERTIA PARAMETERS POSSIBLE FOR THE WcDONNELL F2H-3 AIRPLANE 

@onants of inertia are about center or gravita 

Center-or-gravity a& nn nomeitr or Inertia (alug-rt2) Use parameter8 

x/o a/n IX IY 12 Ixm;21Y %-2TZ 'z-2'" 

Oilglnal Airplane Values 

25.1 4.5 15,145 ‘Uiv 54,616 -237 x IO-~ -116 x IO-~ 353 x 10-t 

24.5 20.5 -14,620 39,606 52,131 -267 -19 401 

25.7 19.8 20,976 41,175 60,526. -162 -164 346 

25.6 17.7 44,579 42,124 84,496 +20 -345 325 

0; 
b... 
:.. 

: l : 
l oo aa 

$ 

g 

52 

9 
WI 

5 

2 

I 

I Take-off 
1 

(Olean condition) I 
20,762 

2 / (OlsaIOZltlon) / 17’330 

I Take-off plus 
3 e 

*p 
ty tip-tanks 
Eatlmated) I 

21,165 

4 I Take-oil plus 
full tip-tanks 

(Eathated) I 
22,762 

5ea level 

22.1 

x3.5 

22.6 35.8 

24.3 3~6 

l5,W 
it 

35.2 

29.4 

Revised Airplane Values 

Take-orr 
1 (Olean condition) 20,762 22.1 35.2 25.4 17.5 14,335 

2 
Qombat 

(Clean oondltlon) 17,330 18.5 29.4 23.6 20.5 13,625 

3 
Take-ofr plus 

l ty tip-tanks ? Estimated) 21,165 22.6 35.6 25.3 19.8 20,157 

44,122 55,490 -266 -102 366 

41,914 53,000 -303 -119 422 

44,210 61,399 -211 -151 362 

4 
Takeorr 

plus full tip-tank8 (E&hated) 22,762 24.3 36.6 25.2 17.7 43,769 44,569 65,370 -7 -332 339 

T 
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T A B L E : III.- S P I N - R E C O V E R Y - P A R A C H U T E  D A T A  O B T A INED W ITH A  1  & W L E  M O D E L  O F  T B E  

M C D O N N E L L  F 2 E - 3  A I R P L A N E  

[S take-off  l oad ing  ( load ing  1  in  tab le  II a n d  fig. 5 ) ; r udde r  f ixed full wi th the sp in  a n d  recovery  
a t tempted by  o p e n i n g  the parachu te  only;  m o d e l  va lues  conver ted  to co r respond ing  ful l -scale values;  
r ight  er:ct sp ina  

Parachu te  
d iameter  

(ft) 

Tow l ine  
length  

bt) 
* 

A i le rons  E levator  
(&)  b & )  

Turns  for 
recovery  

Tai l  pa rachu te  (CD =  0 .6 3 )  

1 5  z & 7  Right  3 0 ' d o w n  
Left 4 0 ' u p  3 5 ' D o w n  2 3 3  6 3 .0  0 .3 4  2 , O " 

1 6 .7  2 0 .7  R igh t 3 0 0  d o w n  Left 4 0 ' u p  3 5 ' D o w n  2 3 3  6 3 .0  0 .3 4  1 1 3  1 2  i;' p  5 9  4  

1 8 .3  E L .7  R igh t 3 0 0  d o w n  Let i  40°  u p  3 5 ' D o w n  2 3 3  6 3 .0  0 .3 4  $  %  

O u tboard  wing- t ip  pa rachu te  (CD =  0 .72)  

8 .3  lF.4 R igh t 30 °  d o w n  
Left 40°  u p  D o w n  3 5 ' 2 3 3  6 3 .0  0 .3 4  >  %  - >  3 $  

1 0  6 .97  Righ t 3 0 0  d o w n  Left 40°  u p  3 5 ' D o w n  2 3 3  6 3 .0  0 .3 4  1 1  1 1  E ' p  2, 2, 

1 0  1 .0  Right  3 0 ' d o w n  Left 40 '  u p  3 5 ' D o w n  2 3 3  6 3 .0  0 .3 4  1, 1, 1, 1; 

ti 

/ 
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BEAR? I.- SPIN AND NECOVEFLY CHARAGTERIBTICS OF THE +@OAtiHODEL OF TAE 
I IODOMELL SZH-3 AIRPLANE IN TKE TNLOFF CONDITION 

[tidI"g piblnt 1 011 table II and f 
attmnptyd rrom, ma ~tauly-apln i P 

re  5; fl l neutral;  000 
'p 

it 010s~a; ~~OOVCF 
ta pssn 0a for, maa+ ull-with SPIIM); I 

dt09tea b 
F ght erect SP h 

rapid mi Nader r0~0rsd (I~COV~I-J 
Q 

o~oiilatory (prirrii~ In roil ma 
Node1 becomes Inoraaaingly oaoillatory 
(pri=~ii~ in roil ana YEW) until O"tt 
board wing ia ravea a0m appr0~mta~ 
90 a0gr000, ULI tm m0aei either se8 
into b iert r0ii OD giia08 out with 

Etssp spin, &as. into . short 
g%iae with .m.bom wing 10~ but 
than start@ turclng qaln. 
V~rtloal rs1001ty > 300. 

-I 
Bteep spin sught1y oacIllatorJ 
1" roll and y.". 000s Into . 
short glide but then .t.rts t"rc- 
leg agaIn. 

Vlrtlcal rslocItP > 325. 

/ 

I- +, 9 OCas into . apln In other dlrso- 
tion. 

Omillate8 pri~rily in roil ma IE: i eCtlcR1 relocItJ ~pproxlmmtely 

r------ I numf; ?WWSea t0 2 agalnsf the 3 I 

bt0a*i becomes lnorealInglJ olcill*tor, 
(prlurlly in roll and yaw) until out- 
board wing 1s ya9fea down approximats7y 
9,t,yg&r;., and then model goes into . 

steep and does cot becms 0s0111atory. 

I - b i Boom Into . glide. I 

1atcry (prfur11y In rn 
until cutbaud wing is yma a0m 
l ppr0a9deiy 90 asper, ma then 
tiei goas  la0 l hit roil. 

-- --------_ 

+, ; Ooea Into .n Inverted spin. 

I 1 
I I 

I 

1 fzEgg~~~i;fi 1 
re%al anless otherrise Indicated 
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18 NACA RM SL51G17 

. . . amT 2;; SPIN AID mcovmty CHARACTERISTICS OF THE 
&-SCALE MODEL OF THE MCDONNELL F2H-3 AIRPLANE WITH THE WING-TIP TANKS FULLY LOADED 

boading point 4 on table II and ilgure 5; Ilape neutral; aookplt closed; reoorery attempted by rapid rudder rereraal exoept ae noted (recovery attempted irom 
ror. rudder-ulth wine): right ereot soins1 

, and oteady-spin data prerented * 
Ailerons 

against 

>2, 72 

Ailerons rull with 
(8ticlr 

. B ‘. 733 

r 
1 

1, a- 

aReo6rery attempted before model in final, 
rteeper attitude 

heoorery attempted bi nlnultaneou~ full 
revcxval of the rudder and elevator Model values 

~V1eunl estimate converted to 
dReoorerg attempaed by reversal or rudder Iron corresponding 

full-scale values. run with to 
'a, t 

l grlnmt the spin u inner wing up 
eoorery rttemp ed by rlmultane~ue revereal or D. inner wing down 

the rudder rrom full with to T against the 
l pln and tne elevator iron fuk up to $ down 

iijodel reoorered by going into 8n invertsi spin 

Turns for 
rSCO”ery 
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..~. -. _ _ ‘CHART 3.- INVERTED SPIN AND RECOVERY OHARACTERISTICS OF THE 
WODONNEU F2H-3 hnuym IN THE TAKE-OFF LOADING 

[Loading point 1 on table II and fig. 5,; flaps neutral; cockpit olosed; reoovery attempted by 
rapid rudder revsraal (recovery attempted from, 
with rpfns); spine to pilot’6 right] 

and steady-spin data presented for, rudder- 

>.. 

c#ca~ ., ,‘,__ 

!. ;” 
ti ,. 
,+ d 
:? 

:, , 

,I’ 
!- I 
I- .i &ii,_ 

a 

s330 

$8 ‘$ 

c 
v-4 

?! 
Y 
4 
m  

a 

7330 SW 
4 (Controls together) 

*330 Stlok full left, 
(Controls crossed) w 

j$, * t t9 

I 

%eoorery attempted before model in final, 
eteeper attitude 

%Nodel xanderr eomewha$ 
oVlrual eetlmate 
dnodrl recovered ereot and rolled right 

Model values 
converted to 
corresponding 

eHod.1 recovered in ereot spin full-scale values. 
U inner wing up 
D inner wing down 

&,b 

b 

w ,298 

e 0 
3, 2. 

recovery 
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Figure l.- Three-view drawing of the &-scale model of the McDonnell 

F2H-3 airplane as tested in the free-spinning tunnel. Center of 
gravity is indicated for the take-off plus full wing-tip tank loading. 
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Figure 2.- Photograph of the 2. &- scale model of the McDonnell F2H-3 air- 

plane in the clean condition. 
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0 Center ofi gravity dpprox. 26% F 
OCenter of gravity approK210/,~ 2 t 
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-@o -440 -wo -360 -320 -280 -240 -200 -160, ;I20 -60 -40 .,- . - 
INERTIA YAWING-MOMENT PARAMETER, 9 

$ 
g 
iii 

4 
; 6 
.’ 5 

5 

I 

Figure 4.- Effect of side-area moment factor and inertia yawing-moment 

parameter on the nature of the spin of the -&-scale model of the 

McDonnell F2E-3 airplane. (P oin t s are for original airplane values 
listed in table II.) 
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. .  1 ,s  :  

c Revised airplane values 
OOriginaI airplane values 

as simulated an the model 5 ‘Z&b-. 

IY’IZ Relative mass distri=on _ 
mb* increased along the wings 

r-. m  ‘f FigWe 5.--: Mass,-parameters for.loadings .possible..on.the F2H-3 airplane. 
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